ZnO has demonstrated a possibility to be doped as a ptype by using nitrogen and other group4 elements.
INTRODUCTION
ZnO. a wide-bandgap semiconductor material, is widely used in various applications. It can be easily doped to n-type, but is difficult to dope top-type [l] . Low impurity solubility. excessive accepter ionization energy, and possible compensating mechanisms are the three main factors that could make p-type doping of ZnO difficult. In addition to being of interest for ultraviolet light emitters, p type ZnO has a potential advantage in the fabrication of novel solar cell structures: inverted CdTe devices. improved contacts to both p-type absorbers, and organic semiconductors. The recent reports on p-type ZnO brings this potential dose to reality [2-91.
In this report, we discuss the achievement and the issues that have been observed on the nitrogendoped ptype ZnO films formed by MOCVD. Special focus is put on the low hole concentration and possible compensation mechanism. 
EXPERIMENTAL

152
The composition of the I n 0 films was analyzed by a CAMECA IMS 5f SIMS. Film topography was taken by atomic force microscopy (AFM. Auto probe LS from Park Scientific Instruments with Si Cantilevers). Electrical and optical properties were measured using Hall analysis (BioRad Model HL5500), capacitanc+voltage (doubleSchottky surface contact with mercury probe), and a Cary 5G spectrophotometer.
RESULTS AND DISCUSSION
The MOCVD- The measured carrier concentration is several orders of magnitude lower than !he nitrogen concentration.
With the achieved nitrogen doping concentrations, it i s clear that the limitation is not due to the dopant solubility. The depth profiles of hydrogen and carbon in Zn0:N films were obtained using SIMS. In both ZnO and 2nO:N films, both hydrogen and carbon have been found. The hydrogen and carbon impurity levels vaned with deposition temperature in MOCVD formed ZnO films.
It has been found that the other zinc metalorganic precursor ((CH&Zn) introduced some carbon into the ZnO film [13] . There are not many studies on the function of the carbon in ZnO film. In nitrogen-doped ZnO, there is evidence that carbon has possibly bonded with nitrogen [14] . The recent theoretical study conducted at NREL indicated that the carbon-related defect in 2nO:N film most possible are donor type. Thus, the carbon is an undesirable impurity for p-type ZnO film [l 51.
The rofe of hydrogen in ZnO has been well studied . It has been indicated that hydrogen acts only as a donor in ZnO. There are not many studies on the function of hydrogen in a nitrogen-doped ZnO film.
Considering the difficulty associated with nitrogen doping by MOCVD and the high level of hydrogen concentration in the ZnO film, we believe that hydrogen could be one of the important factors in determining the emciency of nitrogen doping.
Our study by Fourier transform infrared spectroscopy (FTIR) and first-principles calculations indicated that there is a strong tendency for NO and H' defects to form a neutral com bined defect complex [19] .
In undoped ZnO samples, hydrogen bonded with oxygen. With nitrogen doping, the intensity of the absorption peak fue to O-H decreased, and the absorption line at 3007 cmdue to the NO-H (anti-bonding) emerged. This observation implies that one of the possible reasons for low hole concentration in heavily doped Zn0:N is due to the hydrogen passivation effect.
In summary. we have fabricated ptype, nitrogendoped ZnO by MOCVD. The nitrogen concentration achieved using this method is as high as 2.60xId' cm' . 
